In the previous papers, it was shown that the ability of diphtheria bacilli to develop infection at the mucous membrane varied greatly depending on the strain used and this characteristic was independent not only of the in vitro toxigenicity but also of the in vivo toxigenicity (Murata et al., 1959; Akama et al., 1961) . Then arose the question of whether the antitoxic immunity alone would be enough to protect the individuals from the infection due to virulent diphtheria bacilli or some other factors would be necessary for complete protection . In connection with this problem, O'Meara (1940) stated that antitoxin containing antibody to B substance produced by gravis strains was more effective for the protection of diphtheria . The report of Ipsen (1946) showed that individuals who showed fairly high antitoxin titers in their sera were also affected by the disease. In regard to the active immunization , his colleagues (1943, 1947) reported that rabbits immunized with living nontoxigenic diphtheria bacilli developed significant resistance to the subsequent challenge of the toxigenic strain.
However, they did not measure the antitoxin titer less than 0 .01 unit per cc, whereas such a low level of antitoxin as 0 .003 unit per cc might influence the resistance of the immunized animal. Nor did they refer to the latent state of antitoxic immunity which seems very important in the discussion of infection . Since then many other investigators (Scheibel, 1950; Bowen et al., 1954; Lautrop , 1955) reported on the role of antibacterial immunity in experimental diphtheria.
In these cases as well as in the experiments by Frobisher et at., however , the challenge was carried out by the cutaneous infection by the living bacilli which seemed , to the present authors, to be greatly different from the infection via the mucous membrane . The authors have tried to analyse the mechanisms of the immunity in diphtheria by the challenge method simulating to the natural infection where the conjunctiva was used as the site of infection . Evidences were obtained that both the antitoxic (passive and active) and antibacterial (active) immunity were effective in the prevention of the infection by diphtheria bacilli at the conjunctiva of guinea pigs .
•˜ A part of this experiment has been reported by one of the authors (Hirose , 1959 (b) Highly purified toxoid (PTD-A) was prepared from the crystalline diphtheria toxin containing 3300 Lf per mg nitrogen. * (c) CT-1 was a commercial diphtheria toxoid.
The Lf values of all samples were titrated with the National Standard Antitoxin for flocculation (QQE) before use.
2. Antitoxins : (a) Homologous antitoxins. GP (A) and GP (B) were the pools of sera from guinea pigs immunized by several injections of NSDT 1 and PTD-A, respectively, in the incomplete Freund adjuvant.
The antitoxin titers of GP (A) and GP (B) were 22 units and 30 units per cc, respectively. GP (A) agglutinated PW 8 strain from which the toxoids were derived to the titer of 1 : 8, but not 10-19 strain.
GP (B) agglutinated neither PW 8 nor 10-19 strain. (b) Peptic digested horse antitoxin QQE was used as the heterologous antitoxin.
Since this sample agglutinated the PW 8 strain which was used to prepare the antigens for immunization, it was absorbed with washed cells of this strain until no agglutination was visible.
3. Antibacterial serum RB-1 was prepared by immunizing rabbits by several injections of the bacterial suspension of 10-19 strain.
It agglutinated the strain 10-19 to 1 : 2048 and contained less than 0.001 unit of antitoxin per cc. The bacterial suspension was prepared as follows : The strain 10-19 was grown on the Loeffler's medium.
Cells were washed 3 times and resuspended in saline to contain 30 mg-100 mg per cc by wet weight.
4. Methods of immunization and infection (challenge) : Details of the immunization procedure were given under Experimental.
White guinea pigs of about 300 g were used. Infection (or challenge) of the guinea pigs was carried out at the conjunctiva by the same procedures as described in the previous paper (Murata et al., 1959) , but the strain 10-19 (gravis type) was used exclusively in this experiment.
Bacterial suspensions from young cultures were inoculated at the conjunctiva which was preliminarily burnt with a heated loop. Typical severe form of disease developed invariably in unprotected guinea pigs by this strain. The grades of resistance of animals to the infection were expressed by the following score :
Score 3 5. Other methods : Antitoxins were titrated by the rabbit intracutaneous method at LR/ 20,000 level. In a few experiments where the highly purified toxoid was used, the circulating antitoxin of the immunized guinea pigs was titrated at LR/2,000 level. The difference in the titration results between the two methods was insignificant.
Agglutination test was carried out by the slide glass method (Murata et al., 1959) . The procedures of bacteriological examination were the same as described previously. At first it was planned to see whether the antitoxic immunity alone would be able to protect completely the infection via the mucous membrane.
(A) Resistance in the guinea pigs passively immunized with antitoxin : Guinea pigs were given intracardially various amounts of antitoxins and challenged 24 hours after the treatment.
The results are shown in Table 1 . The amounts of antitoxin administered (column 2) were expressed by units per 100 g body weight (u/100 g B. W.). The circulating antitoxin just before challenge (column 4) was not actually titrated to avoid the harmful effect of bleeding but estimated from the results of the similar experiments (Hirose, 1959) . The calculated values had the error of about 80 per cent (P = 0.05). When the amounts of the homologous and * Supplied by the courtesy of Dr . Katsura (Kato et al., 1960.) heterologous antitoxins administered were less than 0 .1 and 0.03 u/100 g B . W., respectively, the calculated values were less accurate because of the technical difficulties in the estimation of antitoxin at a very low level. Asterisks are attached to such figures in the table. By assuming the amount of plasma as 3 .9 cc per 100 g body weight (Masouredis and Melcher, 1951) , the total amounts of circulating antitoxin were calculated (column 5). Figures in the column 6 were calculated as the differences between columns 2 and 5. Guinea pigs receiving the antitoxin of more than 0 .3 u/100 g B. W. resisted almost completely to the challenge. One tenth of this amount could not protect the animals from the infection. The relationship between the amount of antitoxin administered and the grade of resistance is illustrated graphically in Fig. 1 . From Table 1 and Figure  1 it seemed that the homologous antitoxin was more effective than the heterologous one. This point will be discussed later.
No significant difference in the protective property was observed between GP (A) and GP (B).
(B) Resistance in guinea pigs immunized with toxoids : Guinea pigs were immunized with various amounts of toxoids. Four weeks after immunization they were bled for titration of antibodies and challenged 2 days after bleeding . Since the difference in the titer of antibody during the lapse of 2 days were thought to be small in this period of immunization (Kurokawa et al., 1951) , the measured antibody titers could be thought as the expression of the titers at the challenge time . The results are shown in Table HIROSE et al.
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Antitoxin administered
•oe-•oe Homologous antitoxin.
•Z-•Z Heterologous antitoxin. Ten days after the infection, the eyesecretions of the infected animals were cultivated on Arakawa's medium. It became apparent that diphtheria bacilli were alive at the infected sites even in the animals showing complete protection.
Antibacterial Immunity
Guinea pigs were injected intraperitoneally* with various amounts of rabbit serum RB-1 and challenged after 24 hours. The results are shown in Table 3 . Amounts of the serum were expressed by cc per 100 g of body weight.
The agglutinin titers 24 hours after injection were assumed from the preliminary experiments (Hirose, 1959) . Table 3 . Resistance to the conjunctival infection in guinea pigs administered with antibacterial serum
As shown in Table 3 , no sign of protection was recognized in passively immunized guinea pigs, although the agglutinin titer indicated that fairly large amounts of the antibody were absorbed.
Other groups of guinea pigs were immunized with various amounts of formalin killed bacteria. The immunization schedule and results are shown in Table 4 . The injections of the antigen were carried out at weekly intervals. Animals were challenged one week after the last injection except that the group receiving only one dose of antigen was challenged 2 weeks after immunization.
As shown in Table 4 , the animals receiving more than two injections developed a resistance to the subsequent challenge with living virulent bacilli. Complete protection was obtained in groups which received several injections. In groups showing complete protection diphtheria bacilli were still alive more than 10 days.
No antitoxin was detected before and after challenge in the circulation. Several guinea pigs immunized repeatedly with the bacterial suspension received the quantitative Schick test (QST) and inoculated with 5 Lf of diphtheria toxoid (NSDT 1) as the booster dose (Table 5 ). The results of QST showed that antitoxin was not produced even in an amount to neutralize such a small amount of toxin as the minimum skin reacting dose. Evidence of the latent immunity might also be denied by the fact that the rapid rise in the circulating antitoxin was not demonstrated after the booster * Intracardial injection could not be used in the case of rabbit serum since guinea pigs receiving a large amount of serum died. injection of 5 Lf toxoid. These results, together with that in Table 4 , showed that guinea pigs immunized with the bacterial suspension did not show the sign of antitoxic immunity even in the latent form.
DISCUSSION
There have been many reports on the role of antitoxic and antibacterial immunity in the study of diphtheria. But very few tried to distinguish among these different mechanisms in their exact meanings. Moreover, little attention was paid to the route of infection which seems very important when the natural infection is discussed. The development of the method of infection at the conjunctiva and the availability of a highly purified toxin made it possible to proceed these study by a more analytical approach.
Experiments on the passive antitoxic immunity ( toxin, irrespective of their origin, could easily and completely protect the animals from the challenge of virulent bacilli. The difference in the protective power was insignificant between two homologous antitoxins produced by the highly and partially purified toxoid. The protective power was parallel with the amount of antitoxin administered (Fig. 1) . From Fig. 1 , it may be assumed that the homologous antitoxin is slightly more effective than the heterologous one. In connection to this, Ishizaka et al. (1957) and Hirose (1959) showed by the quantitative Schick test that guinea pigs receiving the homologous antitoxin tolerated larger amounts of toxin than those given the heterologous antitoxin. But many factors should be considered to explain these results. For example, a difference in " avidity '' of antitoxins was not considered in the present:
paper and it may influence the titer of the antitoxin since the latter was determined by Jensen's method at a low concentration of test toxin. Other factors such as a difference in the affinity to the tissues and in the readiness of passing into the tissues from circulation between the heterologous and homologous antitoxins may also influence the results. Further experiments should be necessary to elucidate the different attitude of two antitoxins. The authors will not intend to discuss further these problems. Anyhow, it is evident that a small amount of antitoxin such as 0.1-0.3 u/100 g B. W. is very effective in protecting the experimental diphtheria.
In the experiment of active immunization, the highly purified toxoid endowed the same grade of resistance to the guinea pig as the toxoids usually used for mass-immunization. The resistance was parallel to the antitoxin produced irrespective of the purity of the toxoid.
These findings show that the antitoxic immunity alone can protect the animals from diphtheria at the mucous membrane, in the absence of other antibodies. The fact that the effect of antitoxic immunity in the protection of experimental diphtheria is remarkable at very low level even in the state of latent immunity should be carefully considered when the mechanisms of immunity are discussed.
The experimental results obtained by the immunization with killed bacilli (Tables 4 and 5) showed that the protection could be established by another mechanism where the antitoxin has little, if any, effect whereas the effect of passive immunization with antibacterial serum was not confirmed. These results can not be explained by the rapid disappearance of antibody in the passively immunized guinea pigs. A preliminary experiment on the disappearance rate of agglutinin from circulation indicated that the agglutinin titer in the serum was maintained for 5 days after the administration of antiserum.
We can not yet elucidate the mechanisms of this type of immunity, but from the experimental results, we will be able to find some suggestions to consider its mechanisms. A first suggestion is that the factor responsible for the resistance is on or in the tissues or cells of immunized individuals and not in the liquid element, since passive transfer of antibacterial serum was not successful in the protection of the infection. The second suggestion is that the factor is in the body fluid but impossible to pass to tissue from circulation, so that the tissue can not be protected by passive immunization, although in the active immunization antibodies may occur in the tissues or body fluid including circulation. But, there remains a question, that antibacterial serum used for passive immunity was a heterologous one and that the factor of the heterologous serum may not be absorbed easily. The authors could not obtain the homologous serum with a very high agglutinin titer as the heterologous ones and trials to give resistance with such low titer homologous antibacterial serum was not successful. This will be further 
SUMMARY
Evidences were shown to prove the existence of the different mechanisms in the immunity of experimental diphtheria. By using highly purified toxoid, the role of antitoxic immunity was confirmed in both passive and active immunization. In the case of antibacterial immunity, however, passive transfer experiments failed, while complete protection was achieved by active immunization.
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